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FOREWORD 

This study was supported by the Defense Advanced Research Projects 

Agei y (ARPA) of the Department of Defense and was monitored by Wright-Patterson 

Air l-orce Base under Co.itract No. F33657-7I-C-0893. Dr. C. H. Church and 

Colonel L. P. Monahan, of the Tactical Technology Office of ARPA, were the 

technical monitors for this effort. 

Battel le Is not engaged In research for aivertlsog, sales, 

production, or publicity purposes, and this report may not be reproduced In 

full or In part for such purposes. The use of trade names or manufacturers' 

names In this report does not constitute endorsement oi any conwnerclal product. 

DISCLAIMER 

The views and oonolueione oontained in this doaumnt ewe 
those of the authors and should not neaessarilu be interpreted 

I as representing the official policies, either expressed or implied, 
of the Defense Advanced Research Projects Agency or the U. S.  Government. 
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MINIATURE, REMOTELY CONTROLLED 
LAND AND WATER VEHICLES 

by 

W. S. Pope, D. C. Doerschuk, 
and J. M. Tlerney 
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i At the request of Dr. Charles H. Church of the Tactical Technology 

Office, Defense Advanced Research Projects Agency (ARPA), Battelle's Tactical 

f      Technology Center (TACTEC) initiated a state-of-the-art survey and technical 

assessment of miniature, remotely controlled (R/C) land and water vehicles in 

i      March, 1972.  The project was defined and established within the framework of an 

existing ARPA contract with Batt-?l le-Columbus for analytic support. 

Concept of the Investigation 

I Surveillance, reconnaissance, ambush, decoy, suppression of fire, 

minefield penetration - all are functions which military personnel might be called 

|      upor. to perform. But with the tremendous drive toward mechanization which has 

characterized the U. S. defense effort in recent decades, it is logical to ask, 

|      "Why shouldn't these and similar functions be performed by machines?" If we 

could guide the motions of such machines and receive adequate intelligence from 

I      them, the saving In lives would be well worth the developmental Investment. Before 

such developmental programs are launched. It is well to ascertain:  (I) the general 

I      state of the art of such technology as could be applied to the construction of 

these machines, (2) the individuals and organizations who ^ave had experience with 

j      such devices, and (3) which, if any, of the existing machine, described In item f|) 

could be used in the fi&ld "as is" or with a reasonable amount ^  modlftcatlon: 

|      Answers to these questions will provide the evaluating Government agency with 

background information for directing the course of future research and development. 

1      This report addresses these questions.* 

* A report on another ARPA task conducted by TACTtC contains considerable 
Information of Interest concerning guidance and remote control components, 
Issued In August, 1972, the report (No. A-3997) Is entitled "Technical 
Assessment of Remotely Controlled Miniature Aircraft and Accessories". 



Program Objectives 

The objectives of the progran were to; 

(1) Conduct a r-urvey of existing, developmental, and conceptual 
miniature, lVC Jand and water vehicles and th;!r associated 
components 

(2) Perform a technical assessment of the vehicles Identified 
In the survey to assist Interested agencies in determining 
which vehicles are potentialIv useful for their specific 
missions, and what actions might be necessary to modify an 
existing vehicle to perform as required. 

SUMMARY 

State-of-the-Art Survey 

The state-of-the-art survey for this study was Initiated with searches 

of the Bauteile Technical and Foreign Science Libraries, the Defense Documentation 

Carter, the Scientific and Technical Facility of the National Aeronautics and Space 

Administration, the TACTEC files, the DEIC (Diver Equipment Information Center) 

files, and U. S. patents. These searches provided the seeds for further productive 

effort by Identifying Individuals and facilities who could be contacted for 

additional information. Most of the contacts were made by telephone, and the 

requested Information was mailed to Battelie. A summary of all facilities and 

individuals contacted, as well as a list of references, patents, and bibliography 

resulting from the various searches. Is presented In Appendix A of this volume. 

Initially, the survey was directed toward obtaining specifications for 

complete, miniature, remotely controlled vehicles, but as more ind more Information 

was gathered it became apparent that there simply are not many such vehicles In 

existence, and that imposing such a limitation would result In Inadequate, 

meaningless data. Accordingly, since the advanced state of remote-control 

technology would make It relatively easy to install appropriate remote-control 

equipment in small vehicles, emphasis was shifted to gathering information on 

those vehicles which could conceivably be adapted to remote control and on 

components which could be employed on them. 

Technical Assessment 

This report Includes a technical assessment of selected vehicles and 

systems; a summary of the results of a conference on miniature, remotely 
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controlled vehicle held at Battelle. and conclusions and reco^endctions with 

respect to miniature-vehicle technology. 

Only those vehicles which could be rrost effectively employed 

in the field "as is" or with minor modification are discussed in the 

technical assessment. For the a.s.ssment a number of typical mission profiles 

were developed (see Appendix D) and the capabilities of the selected vehicles 

•«ere evaluated against these. 

During the course of this study and during the conference, a rs*Ur  of 

concepts for smal. tactical vehicles W3re generated. Rough sketches of some of 

these concepts are included in Appendix C. The intent here is to help cystalli.e 

some of the desc-lptlve information presented in the body of the report and to 

suggest «ore posslbMlties for remotely controlled tactical vehldes. 

The results of the survey are presented in tabular form in Appendix D. 

Material surveyeJ included ^nufacturers- brochures; letters f,-om Government and 

Industry; books, periodicals, Journals, patents, reports, and magazines- 

Photographs; technical drawings; and specification sheets. Data amenable to 

reduction to tabular form were selected from the material received, and are 

presented as tables In Appendl.: D under two basic categories: vehicles and 
components. 

Four types of vehicles are considered: all-terrain vehicles, land 

|      vehicles, water vehicles, and air-cushion vehicles. The vehicles Included 

represent a wide variety of sizes, weights, and configurations; some are 

^     remotely controlled, some are not. Some of the vehicles have been designed and 

used In tactical military situations; however, the majority of the vehicles 

were developed strictly for civilian use. The latter serve to Illustrate the 

range of vehicles and capabilities currently available and to provide a stimulus 

|      or the generation of Ideas for adapting, ocdlfylng. or developing novel concepts 

for miniature, remotely control led. tactical vehicles. 

I Components are divided Into three basic areas: power sources, drive 

trains, and guidance and control systems. The components represented In Appendix D 

|     are those which the Investigators believe could be used "as Is" or successfully 

adapted for us. in small tactical vehicles. As indicated, the components are 

|     organized by f motion; ro ef.'c- ho. been made to assemble them Into co^Iete 
systems. 



TECHNICAL ASSESSMENT 

This section of the report contains a series of brief discussions of the 

ability of selected vehicles to perform missions outlined In Appendix B. The 

vehicles are treated In the order In which they appear In Appendix D, although 

every vehicle Is not discussed.  It Is suggested that the description of the 

vehicle presented In Appendix D be read before the technical assessment Is 

rev Iewed. 

The vehicles assessed here were chosen for one of the following reasons: 

• Immediately applicable to one or more of the missions 
described In Appendix B 

• Capable of being converted or modified to fulfill a 
specified mission 

• Illustrate a concept which could be developed Into 
tactical hardware 

• Tvpl^y a number of similar vehicles. 

All-TerraIn Vehicles 

There Is a tremendous range of capabilities represented by aII-terrain 

vahlcles (ATV's) and snowmobiles; some are designed for dirt and mud, some for 

swamps, streams, and bogs, some for snow alone, and some can handle all of them. 

The tracked ATV's, such as the Cushman Trackster (see Table D-l), have more terrain 

versatility than the wheeled ATV's, but they all offer good bases for small 

tactical vehicles. When the existing outer shell Is removed and replaced with 

a smooth, light, armored covering a mobile turtle Is the result. Such a vehicle 

would be able to negotiate 45° slopes, push through brush, negotiate obstacles, 

achieve speeds of 24 to 40 mph on flat ground, and carry 150 to 200-lb pay loads 

with ease. 

ATV Control Systems 

The controls of mc t ATV's are veiy simple, consisting of tractor-type 

push-puh levers, a single "T" control which Is rotated and pushed, or other 

straightforward devices. Most use torque converters which eliminate transfer 

case controls,  't would be a simple matter to put together a control system for 

remote maneuvering of any of these vehicles. A head-aimed or other TV system 
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might need some kind of stabilization system to damp engine vibration and the 

jolts, bumps, and dips which are a part of off-road travel. The engines used 

in most ATV's an.I snowmobiles are usually small two-cycle models. These 

would have to te silenced, or perhap: a quieter four-cycle engine used, If the 

vehicle is to have any chance of success as a tactical vehicle. Very few of the 

vehicles on the market today are very efficient as amphibians. They have low 

freeboards and are not particularly stable, ^ome have auxiliary propellers for 

fording streams, but rcne redesign would be necessary to bring any of them up to 

ein acceptable level of performance as a combat amphibious vehicle, even unmanned. 

Such redesign would Include: sealing off all «nglne and corrrol spaces, and 

providing snorkel and auxl! hiry propeller or water jet. These vehicles would be 

well suited to any of the conbat, short- or long-, enge patrols and some of the 

j      engineer missions listed in Appendix B. 

I 
I 
I 
I 

Gruwnan R/C Tactical Vehicle 

G'-umman Aerospace Corporation has constructed a test version of a 

remotely controlled tactical vehicle (RCTV) for potential application by the Army 

as a battlefield-support vehicle (see Table D-2). This RCTV was derived from 

a lunar vehicle (LV) concept, and employs features which were designed to enhance 

the reliability of the LV. For Instance, failure In any one of the four 0.2-hp 

wheel-drive units will permit continued operation of the vehicle at lower performance 

levels, dm double failures will not totally disable the vehicle. The RCTV uses 

a fixed TV camera for driving purposes and Incorporates rengefindlng laser 

devices, microwave radar, and mine detectors. Power Is supplied by Zn-alr 

batteries which furnish 5 kwhr energy. The gross weight Is expected to be 626 lb. 

The operational parameters will include a range of II miles and a speed of 3 mph 

for 3.7 hours. The total target unit cost of the RCTV Is In the range of $;3,200 

to $21,200, which Includes the basic vehicle; control, electrical power, 

navigation, ana communication systems; and the TV system. 



Land Vehicles* 

Little David 

The Little David vehicle has demonstrated a capacity to move over 

moderately rough terrain at about 5 to 10 mph on flat ground. Three possible 

configurations, having the following dimensions and weights, are called out In 

Tables D-4 and D-5: Concept 6X6 (electric drive), 6 x 6 ft, 800 lb; Concept 4X4 

(electric drive), 4 x 4 ft, 700 lb; and Concept 4X4 'gasoline engine), 4 x 4 ft, 

500 lb. 

Although the Little David was designed primarily to function as a 

demolition vehicle. Its performance as a machine-gun mobile platform, as a TV 

(surveillance) platform, end in laying communications wire has been tested. The 

oevlce performed, but was never taken past the early developmental stages; why? 

One possibility Is that It was before Its time (early \9301s),  another Is that 

It did not perform well enough to convince people that It would be useful. Today, 

a number of changes could be made to Little David to upgrade Its capabllltles 

for combat missions and short-range patrols: the suspension system could be 

simplified and made more rugged by using Terra or other hlgh-flotatlon tires, 

•i head-aimed TV system could be used for steering, gun firing and observation; 

a host of sensor packages could be modularized for mounting on David as the need 

arose; a permanent radio link with the control station could have a number of 

unused channels reserved for these sensors as needed; the device could mount a 

flame thrower, gas dispenser, or rocket lauicher. 

This very basic platform is probably the first logical step In 

development of miniature tactical vehicles. Two variations on the Little David 

would be a tracked platform with the superstructure lower than the track tops 

so that It could run (even upside down) In the most rugged conditions, and a 

very fast, low-sl Ihouette tank killer to be used from ambush over short distances,, 

* The Influence of terrain and weather on the performance of lan-J vehicles. 
Including a soll traffIcablIIty analysis, is presented In Appendix E. 
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Ryan Jeep-Mounted R/C Mine Detector 

The Ryan Aeronautical Co. has designed and manufactured a "Radio 

Remote Control System for a Truck-Mounted Mine De+^ctor" for MERDC (see Table D-4). 

The Jeep was selected simply because It is an alroady existing piece of military 

hardware. The concept is a good one, but limited in its present form. The 

jeep is a relatively rugged off-road vehicle in its o«i right but would not be 

the vehicle of choice for continuous of.-road mine sweeping. A specialized 

vehicle for mine detection, laying, and removal could be built, bu4 It need not 

be "miniature".  It would require a detector sweep head, a mine marker system 

and an R/C tracked undercarriage in the simple version, and would have stereo 

TV and a very precise manipulator In the sophisticated version. 

A mine detector, and especially a mine-removal device. Is a high-risk item 

and, c.s such, should not represent an extremely heavy Investment on a "per item" 

basis; »"he development of the device might Indeed be expensive, but If It were 

finally distributed four per engineer battalion, for instance, the cost could be 

very attractive. 

The mechanical functions of the Ryan vehicle are powered hydraulleally, 

which is efficient, as the engine has more than enough power to handle the Job. 

On a smaller, more portable platform, It would be simpler to use electrical 

servos run from a battery pack being charged by a small gasoline engine prime 

mover. 

The simpler vehicle could perform the engineer mission of detecting 

mines and could be used In emergencies to detonate mines, spring traps, demolish 

obstacles, and lay communications wlro. 

The more sophisticated vehicle would probably be considered too 

valuable for anything but Its primary mission of laying, detecting, and removing 

m1nes. 

Walking Vehicle 

The Walking Vehicle developed by Space General for NASA/AEC and now 

undergoing experimentation at MERDC is a small (26 in. high x 29 in. wide x 37-1/2 in. 

long) eight-legged vehicle similar to the ROAM oescribed in Table D-5. 



It has yet to prove itself more than a curiosity.  Its use would lie, presumably, 

in such things as bunker Invasion, urban warfare (climb stairs, rubble piles, 

look around corners, etc.), and perhaps mountain warfare. The problems associated 

with such a device are legion:  inclined to be unstable; slow, thus affording a 

relatively easy target; subject to damage and fouling of the leg and actuation 

mechanism; and difficult to control remotely because the Jolting mov^ent does not 

permit its TV camera to remain steady.  It is certainly not obvious that a small 

tracked vehicle could not be built that would go anywhere the present Walking 

Vehicle can go and then some. However, a number of studies have shown 

theoretical advantages of the Walking Vehicle over tracked, and certainly wheeled, 

vehicles In very rough terrain. 

General Electric is now engaged in work on a "pedulator" using a man 

as master to slaved legs.  It might eventually be possible to station +he operator 

at some secure control station in an appropriate servo-harness and telemeter 

the servo positions automatically and continuously to the walking (or perhaps 

climbing) machine. A foveaI-peripheral TV system would provide the man with adequate 

visual feedback of the vehicle environment, and high-resolution pictures of a 

centered work area. 

This i^ one area where further R4D Is indicated but, as yet, no 

expenditure of funds has been specifically directed toward development of hardens. 

The Walking Vehicle would be best suited for short-range patrols, 

perimeter security, and possibly as a mobile gun platform. 

R/C Lawwnower 

This vehicle is representative of a large number of small vehicles; e.g., 

the Mighty Mo X-150, described In Table D-4.  In general, they are small, 

easily controlled remotely (some already are), powered by a small gasoline engine 

or a battery, and usually designed to carry one or two people. When the seats 

and other accessories are removed, and a light metal frame. Terra tires and servo 

controls are Installed, a very basic mobile, R/C platform results. This, however. 

Is a long way from becoming a military machine; except for special, one-of-a-kind 

types of missions, developed as a quick response to a requirement for such a vehicle 

levied by an Intelligence arm or a para-mi IItary arm of the Government, such a 

10 



veh.cle .ould not be acceptable to the mflitary. Granted, the device is simple 

and could quickly be brought to the point where it could be sent over the ground 

with a bocnb, for instance, b.r if simply would not be rugged enough, reliable 

enough, or secure enough to do its Job time after time.  It is much better to start 

from the ground up. designing around tactical environments dnd directed toward 

military goals, tfar to attempt to adapt this hardware.  There is wrtMf.fi in the 

technology which i: not readily available to the R/C land-vehicle Heslmer. 

Water Vehicles* 

R/C Aberdeen Boat 

The Aberdeen boat, described in Table D-7. is one of the very few 

miniature vehicles found during the investigation which was designed In response 

to a tactical mission's requirements. The boat functioned perfectly Ir, tests 

but .oparently HM never put to use. for reasons which were not available. The 

boat is flat decked. 69 in. long by II In. wide and draws 6 in. of water when 

carrying Its design payload of 10 lb (27 lb basic weight; capable of carrying 

20-lh load). 

SlmMar boa*s cou,d be constructed for a variety of missions: floating 

mine, bomb delivery, decoys. They could be used en moBae  with very rudimentary 

guidance and control against flotillas, or to detonate in areas suspecied of being 
mined. 

A number of design changes could be made to make the boat more 
effective and versatile. 

* atr^tro^crl^L^'1 fr0m SO,id P0,y^thane foam with aii electronics potted ano permanently foamed In olace— 

• Leave a midships cargo area, a forward caroo area and a 

Is'Ms^Lled'bH J|a '''I6 andcu!:ren+ on the Performance of water vehicles is discussed briefly in Appendix Z. App* 

11 
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• Mold in a bow plunger trigger and relay which could be 
used or not according to mission. 

• For absolute secur'ty, use a wire guidance system where a 
tliin wire is paid out fron the boat durina Its trip. 

• Design the shore control box for either RF link or wire 
guidance. 

R/C Firefish Target Boat 

The Firefish series of +arget boats (the smtllest boat Is !7 ft and 

weighs 1650 lb. Including fuel) was originally designed as a drone to simulate 

enemy craft for naval gun practice (-see Table D-6).  't is now being pushed by 

the manufacturer, SANDAIRE, not only for Its primary mission, but JISO ,s a 

demolition boat, a platform for psy-war and propaganda, a harbo.- survr;llance 

craft, a mine/obstacle clearance device, decoy, and other tactical uses. The 

size of the boat takes It out of the miniature class, but there Is no real 

need for It to be so large; any of the smaller fiber-glass-hulled sports rundbouts 

could do the Job adml-ably. A displacement-hull, low-silhouette boat about 6 to 

8 ft long with either a 5-hp electric or 10-hp silenced gasoline engine should 

be enough to give a good top speed of 25 to 30 knots. A small autopilot 

responding only to coded update signals would be one short-term way to prevent 

RF Interference dulng transit time. Wire guidance Is still a possibility, with 

the wire fed from i tube aft of the prop wash. This method would probably work 

well to a range of 2000 ft. 

The Firefish line !ias very good possibilities as a tact let' -raft and 

should be a primary subject for further RÄD effort. 

R/C Submersible Sea Drone 

Submarines are the ultimate clandestine sea weapon and have been useJ 

In all slues from one-man midgets and swimmer delivery vehicles to the present 

day nuclear giants. There Is a definite place or the tactical miniature submarine: 

as a guided torpedo controlled from a con«a lee position on shore, as a sensor 

package to detect ship movement, as a remotely e^iplaced mine, and as a clandestine 

surveyor to chart position and configuration of underwater Installations. The 

Sea Drone submersible (see Table D-7) Is Ideally suited to all of these missions. 

It is not small, but size Is not so crucial to such a vehicle and must be traded 

off against the great versatility of the craft. 

12 
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For the single-purpose missions, however, a much smaller vehicle could 

be built.  Acoustic telemetry would bo almost mandatory, although short distances 

us.ng wire guidance are possible.  There are no means by which communications 

can be maintained with a submerged submarine by RF link except in special cases 

using a very-low-frequency carrier. This involves large antennas, large amounts 

of power, and is not secure. 

The submersible can be preprograrrmed to run a certa.n course, home in 

on an acoustic signal, and might even be designed to move up river, away frr* 

saline water; however, all of these methods are imprecise and subject to aberrations. 

Power for the sub could be as simple as a high-pressure flask of 

gas driving a turbine and prop or an electric motor/battery combination. The 

gas-flask-powered sub would be ideal for a very fast, short-running torpedo, where 

the target would not be able to neutralize it. The battery/electric motor 

comiination would serve in most other instances. 

The biggest problem is knowing where the vehicle Is at all times so 

that corrective action can be taken. One method might be to set up two hydrophones 

spaced a distance apart and feed the audio signals received from the submersible 

into a set of earphones. The phase difference in the sound orrlving at the phones 

can be used to Indicate angle and the loudness can be scaled to show range. 

Such techniques are under ii vestlgatlon at the U-'-erslty of Florida 

(Dr. Harry Hoi lien), and at the Coastal Systems Laboratory In Panama City, Florida, 

primarily for swimmer navigation.  Another variation would be a head-coupled 

system where an onboard hydrophone pair would pick up target noise and the operator 

would steer biaurölly. 

R/C Swinging Television ("Snoopy") 

The "Snoopy" vehicle developed at the Naval Undersea R4D Center (NUC) 

is a system used for Inspecting underwater work (see Table D-7). The set would 

be extremely useful as Is for Inspecting sunken ordnance prior to explosive 

ordnance ^structlon.  It has limited work capability now but could carry a more 

sophisticated manlpulaior, perhaps a scaled-down version of the NAT (Naval 

Anthropomorphic Manipulator) of MB Associates. The vehicle can be controlled 

with head-coupled TV and could be used for underwater surveying. Inspection, 

surveillance, and reconnaissance of enemy Installations for real-time assessment. 

13 
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Hydrofoils 

Vjry small   hydrofoil  boats would offer no parMcuMr advantage over 

small,   fast,  planing hull   boats;  the maximum speeds  of a model   hydroplane boat 

range around 50 knots remotely controlled, and  it  Is doubtful  that a small 

hydrofoil  boat would be any more seaworthy  in the open ocean, or that  It could 

be controlled at any greater speed  in calm water.    One advantage  Is that  the 

vehicle would pitch and pound  less than a planing hull   in moderate seas. 

SKAHP and Aerohydrofoll 

The SKAMP concept  (Tably D-8) of a rerroteiy controlled sailing platform 

could be coupled with the aerohydrofolI  concept of a very-high-speed sailing 

vessel  to produce a vehicle which operates Vor long periods of time,  using wind 

power only for propulsion and battery power for data transmission.    The vessel 

could be quite small  and could be used  in the station-keeping mode to monitor 

ship traffic,   listen for submarines, carry sniffers,  LLLFV for coastal  surveillance, 

and other sensors. 

Oscmatinq Foil Boat 

The oscillating foil  boat has particular application to marshes and 

vegetatfon-choked waterways.    This  is also the territory for ACV's and air boats, 

but the oscillating foil   boat has an advantage  In that  it could be made much 

quieter than the other two.    The general  principle should first be denonstrated 

conclusively on  larger craft b^ore  Initiating a orogram for small  R/C boats of 

this design. 

Amphibious Vehicles 

Riverine Utility Craft 

The Riverine Utility Craft  (RUC)   is a marsh  vehicle, a.-d as such,   it 

has done a respectable job  during early  development and  initial  tests.     ,t dons 

not work wail  on  firm soi I,  but neither does a boat,  and this   limitation must be 

recognized.     In areas of extensive swamp and marsh such as the Everglades and the 

Mekonp Ulta,   fh" RUC and smaller versions of   it would be a useful   tool.    Another 

Ik 



useful   area would be   in  tidal   swamp,  and estuaries;   the vehicle could Oe  deployed 

from an offshore boat or submarine,   go ashore,   up the b^ach or estuary and nove 

to some  target  location near the beach.     The  remote control  of such  a vehicle 

would be handled the same as  for a ground vehicle. 

Visibility  in marshy  terrain  tends to be obscured by  tall  grasses, 

jungle  vegetation,  or mangrove and a small  RUC used  f,r tactical   purposes mly, 

of necessity,  be  remotely  manned   mstead of  remotely controlled.     This would mean 

a higher cost vehicle and  thus  require  very  good   justification.     In  any event,  there 

is  a "mobility" gap   in  the  twilight zone between water and  firm soil  which  the 

RUC seems  to fill. 

Alr-Cushlon Vehicles 

Air-cushion vehicles (ACV's) are attractive for use In marshes over 

relatively calm water because of the very high speeds which can be attained where 

other vehicles are virtually Immobile. As a tactical vehicle, they have some 

definite drawbacks: they tend to be noisy, highly visible (due to spray or 

dust kicked up by the lift fan), and not very maneuverable. Control would 

almost have to be by onboard TV except for the very simplest, short-distance 

runs, or where control from helicopter or slow-flying aircraft is possible. On 

the positive side however, there are means available for silencing the engine and 

fan., and If a number of expendable ACV's were to be employed at one time, 

visibility might be a minor penalty. 

The ACV has real potential for use as a minefield penetrator. With 

ground pressures which can be as low as 0.1 Psi. the chances of detonating anti- 

tank and ant I-personnel mines are sllrjiit. The little "flying saucer" could be 

used to carry a mine detector and mark the mines In Its path, or could simply lay 

communications wire from one 0rea to another over suspected ground. Size and 

noise would not necessarily be so critical in these rases (see Table D-9). 

CONFERENCE 

A one-day conference on miniature. R/C tactical land and water vehicles 

was held at Battelle or June 22. 1972.  fha „orning session was devoted +0 
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concept generation and the afternoon -.ession was concerned with evd'uation of 

some of the concepts,  a discussion of the  general  state of  the art,  and R4D 

requirements.    Representatives  from industry and private   life were called together to 

lend their various talents  to the conference and to relate their differing 

experiences. 

The  result«; of this conference were  useful   in  two respects:     first, 

manufacturers wh    have worked  intimately with  the Government on programs   involving 

small  tactical   vehicles were able to provide authoritative  information on the 

state of  the art,  their prognosis  for directions  that  future work should and would 

take,  and -»no problems  inherent  in the  field;  second,  thoy were able to bring 

together  jn   impressive body of  information on past projects   involving R/C tactical 

vehir!&a - why they worked or why they  failed.    Many of  the conclusions and 

recommendations presented  in  this  report  resulted  from the process of "talking 

through" the various projects  and experiences of the conference participants. 

Highlights of the conference are given   in Appendix F. 

CONCLUSIONS AND RECOMMENDATIONS 

Tho major conclusions which have been drawn during the course of this 

investigation and recommended courses of action  for future work are presented 

below. 

Conclusions 

Lir.s of sight  is  the cutoff point as  far as   low-cost R/C vehicles go; when 

it  is neceisary to take a vehicle  from the region where  it can be controlled by simple 

R/C methods, e.g., mode I-a Irplane transmitters and receivers   (on the order of 

1000 to 3000 ft),  to even a distance such as a mi le or two,  the cost  for such a 

system increases drastically   (e.g.,   from $3000 to $30,000).    Thd reason   is that 

the vehicle car. no  longer be  remotaty controlled  (ma-  controls motions by observing 

vehicle directly and reacting accordingly);   it must  je remc-ely manned  (man controls 

machine motions by monitoring TV transmission  from vehicle).    Variations such as 

transferring remote control   from station to station as the vehicle moves progressively 

out of range, or controlling  It  from a mobi le station, such as a helicopter or 

drone aircraft,  are possible,  but  in a sense,  this defeats the purpose of  the 

vehicle  in  the  first place.     Even  if  the vehicle were to be controlled by on- 

board sensors and preprogrammed  instructions,  the cost would be at   le^st an order 

of magnitude greater than  for the   Iino-of-sight system. 
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Jamming techniques  and  techniques   for finding R/C frequencies are 

highly advanced.    Except when complete surprise  is easy to obtain  (e.g.,  clcse- 

quarters ambush),  an enemy  familiar with the vehicle,  say  through examination of d 

captured model, would have no trouble jamming or otherwise disrupting most 

simple IVC systems.     For  longer missions,  or where the vehicle  is not a 

complete novelty to the enemy,  greater radio equipment sophistication to protect 

against counternwasures drives costs  up very  rapidly.    The  raquirement to develop 

an  inexpensive, ^xpendab;? tank killer,  mobile satchel  charge or similar vehicir 

appears to bo at odds  ..ith the sophistication neoded to keep  the radio   link 

secure.     The vehicle cculd  indeed be out together at relatively   low cost, but 

the electronics  remains the cost controlling  factor.    Mass production of the 

communications and control  systems would   lower the price, but the  first demonstration 

models and the  initial  production  runs would be expensive. 

Miniature   land vehicles have   inherent problems which are most apparent 
!n the  rough  •'errain situations one would expect to encounter on battlefields. 

Topographical   feature« which would be hindrances to  larger vehicles become 

barriers  to small  vehicles.     As  vehicle size decreases the avenues of approach 

become more   limited, the vehicle path   length  is   long, and the number of mission 

aborts  increases. 

Gasoline engines will,  ii. general, be a better power source than batteries, 

diesels, or turbines.    More energy can be supplied by a tank of gas than by a 

ban< of batteries of the same weight,  and small  engines are  inexpensive.     The 

problem of silencing engine-exhaust no;>e  is being studied  in a number of places, 

and for battlefield conditions an acceptable noise  level  should be easily oblained. 

For covert operations, however, battery power would be essential. 

A double-tracked  land vehicle with   little clearance between the tracks 

would provide the maximum maneuverability,  mobility,  and stability of any  running 

gear.    The tracks could be driven by means of torque converters,  as  in presenf-day 

snowmobiles,  and steering could be handled by varying motor rpm to each  track 

independently. 

Existing military specifications may not be strictiy applicable to miniature, 

R/C vehicles;   relatively   low  reliability might be tolerated  for the expendable 

mode!?. 

One problem which exists with  remotely manned systems using  >'V  is 

that at high speeds, especially on ground vehicles,  camera motion makes  vehicle 

17 
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control  extremely difficult.     This problem can be overcome  to a degree by  ooerator 

conf'dence and skill, but 50 or 60 mph seems  to be a state-of-the-art   Mmi4^ on 

relatively smooth  terrain. 

The  vast majority of people contacted,   fror o'l  disciplines, expressed 

the same sentimenr:    "Give us'a mission  and some morK ,    .•"•' we wi I I  build the 

vehicle you need".     The general  and  inescapable conclusion one draws  from *his   is 

that the technology and expertise exists  today  to build s"*»!!,  R/C vehicles  for 

specific tactical  missions.    Tha problems  are to:     (I)  specify missions which are 

reasonably circumscribed and do not  require   the  vehicles to do all  conceivable 

joos,  and  (2)  provide sufficient  funds  to develop the vehicle.     These problems 

are   interrelated;  one of the most  frequently encountered commenls was "they want 

the  vehicle to do everything,  but are not willing to pay  for this  versatility". 

Certainly this  is a common complaint,  but  it strikes at the heart of the problem. 

Why are there essentially no miniature,  tactical  R/C vehicles   in existence? 

They have been tried  in the past,  but never quire made  it.    The answer  is  that 

the  initial efforts   lacked sufficient urgency,   funds, and high-level  backing to 

carry through  to operational  status.     The "Little David" mobile platform, 

the Aero-Jet walking machine,  and other devices,  have demonstrated their respective 

capabilities and then   languished.     The "Little David" was discarded,  and the 

walking machine  is now being used  for  in-house feasibility studies at the U.  S. 

Army Mobility Research and Development Center,  Fort Belvoir (MERDC).    There are 

only two ways  for the miniature,  R/C vehicle to eventually make  its way onto the 

automated battlefield:    one  is for industry to push through a concept of  its own 

to the point where the  feasibility,  practicability,  cost,  and reliability of the 

vehicle make  It  Irresistible to the military,  and the other  Is  for highly placed 

Government officials  to decide that an R/C mine sweeper, or R/C bomb boat,  or 

whatever,   is definitely .leeded,  and supply the  requisite funds  for a complete program. 

Knowledgeable manufacturers  in  this  field are wary of  Investing   large sums of 

time and money  In a concept, when they have no assurance that they will be the 

successful  bidder on any resulting Request for Proposal  that Is  issued. 

The manufacturers  feel  that the tactical  military personnel  who have 

been given the opportunity  to evaluate or participate  in the evaluation of  remotely 

controlled or remoi^ely manned equipment have,   in the past, been hostile to the 

devices and to the  idea itself.     These men do not want a  lot of expensive, highly 

sophisticated equipment that must be guarded,  transported,  and maintained  «or a 

mission which  they  'eel  might never materialize. 

18 



17 and   18 

The systems approach   is absolutely essential   for all  but the very 

simplest kamikaze  vehicles where   low cost and mechanical  sifrplicity are traded 

off against reduced versatility and  lower mission success/failure ratio.    Much 

more exacting engineering  is  required to design so that one vehicle has an 

excellent chance of completing a given mission  than to design  for "salvos" of 

vehicles where  it  is sufficient  if one gets through. 

Reconwiendatlons 

The design of three "basic platform" R/C vehicles - one for  land, one 

for water,  and one  for underwater use - should be undertaken  to demonstrate the 

feasibility of using commercially available components,   insofar as possible,  to 

produce expendable tactical   vehicles.    They would be  low  in cost,  remotely 

controlled,  designed for mobile bomb-type missions,  and,   in the case of the   land 

vehicle,  for short-range patrols.    The prototypes should be designed for both wire 

guidance and conventional   Iine-of-sight R/C.    These vehicles could then be used to 

demonstrate the potentialities  for miniature,  R/C vehicles on the battlefield. 

A study should be  initiated to determine which sptcific missions would 

be best suited  for small, R/C vehicle use.    These specific missions would then 

serve as guidelines  for the development of Phase  II  vehicles,  building on the 

knowledge gained from the Phase   I  vehicles described in the preceding paragraph. 
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APPENDIX A 

INDIVIDUALS AND FACILITIES CONTACTED. REFERENCES. 
ITBUoWHY" Afernr OP u. S. PATENTS  

Summarized below are the individuals and facilities contac+ed during 

the state-of-the-art survey, and the references, bibliography, and list of U. S. 

patents which resulted fron searches of the TACTEC files, the OEIC files (Diver 

Equipment Information Center, located at Battelle-Columbus), the Defense 

Documentation Center, the Scientific and Technical Facility of NASA, and LK S. 

patents. 

Sunmary of Contacts 

I 
I 

OrganlzaHon 

Naval Weapons Lab. 

AEC Space Nuclear 
Systems Office 

Bend Ix Corp. 

Autonet i cs 

Night Vision Lab., 
Electronics 
Comnand 

Eg!In AFB 

HoblIIty Equipment 
Research and 
Development Center 

MB Associates 

Electric Boat Co. 

Phi I co-Ford Corp. 

Army Tank-Automotive 
Command 

Naval Missile Center 

White Sands Missile 
Base 

Naval Weapons Contor 

Location 

Oahlgren, Virginia 

Washington, 0. C. 

Denver, Colorado 

Anaheim, Callfornla 

Ft. Belvolr, Virginia 

Florida 

Ft. Belvolr, Virginia 

San Ramon, California 

Groton, Connecticut 

Palo Aito, CalIfornla 

Warren, Michigan 

F'oint Mugu, Cal Horn I a 

White Sands, Now Mexico 

China Lake, California 

Major Subject of 
Discussion 

AerohydrofolIs 

TeIjoperators 

Remote control vehicle 

Miniature passenger 
cars 

Low light Ieve I-TV 

Remote control vehicles 

Walking machines 

Remotely manned system 

Underwater manipulators 

TV cameras 

Remote control vehicles 

Remote control missile 
targets 

Renole control missile 
targots 

Romnto control land and 
son target drones 

Contact 

Bernard Smith 

Ed Johnson 

Barry Ellis 

Don Garr 

Ben Goldberg 

Jerry J. Bauer 

Dick Sales 

Don AdamskI 

Al I en Pesh 

Harold Gumbel 

Sam Fuller 

Mr. HamlI ton 

Mr. Crisp 

Tom Stogbdlll 

21 



A-2 

Organization 

Georg*)  Slposs 

Aerojet General 

Speedway Products 

Twlnr.-K Inc. 

Marlon Michaelson 

SANDAIRE 

Babcock Electronics 

Charles Mooney 

Location 

Costa Mesa, California 

El Monte, California 

Mansfield, Ohio 

Indianapolis, Indiana 

Royal Oak, Michigan 

San 01 ego, CalIfornla 

Costa Mesa, California 

Columbus, Ohio 

Major Subject of 
Discussion 

Remote control model 
Cars 

Walking machines 

All-terrain vehicles 

Model components 

Little David vehicle 

Radio control boats 

Remote control 
components 

Model craft 

Contact 

Ed Ansel I 

John Morrow 

Ed Hughey 

Janes Fink 

Bob Swenson 

TACTEC Search 

(I) ENGINEERING CONCEPTS OF ARCTIC AND MARSHY TERRAIN VEHICLES, Ordnance Tank 
and Automotive Comnarid, Research and Development Division (January 1956), 

(2) 

(3) 

68 pp (UNCLASSIFIED) (PA 6911R). 

Kerr, R. C, THE ALBEE SINGLE ROLLER DRIVE, TANDEM AXLE, 6X6, R0LLIGON 
VEHICLE, Arabian American ON Company (September 3. 1957). 23 DD 
(UNCLASSIFIED) (PA 7680R). 

REPORT OF SECOND MEETING OF ARPA ADVISORY 00WITTEE ON MOBILITY ENVIRONMENTAL 
RESEARCH STUDY, HELD FEBRUARY 24-26, 1964, Miscellaneous Paper No.- 4-670, 
U. S. Army Engineer Waterways Experiment Station, Corps of Engineers, 
Vicksburg, Mississ.ppi (August 1964), 199 pp (UNCLASSIFIED) (PA 9733R). 

Nuttall, C. J., Jr., and Grenke, W. C, A FIRST CUT AT DEVELOPING TESTABLE 
OFF-ROAD PERFORMANCE .".PECIFICATIONS FOP VEHICLES ADAPTED TO SPECIFIC 
TERRAIN, Report No. 169-1, from WNRE Incorporated, Chestertown, Maryland, 
to Cornell Aerona'iilcai Laboratory, Inc., Buffalo, New York, and ARPA, 
Project AGILE,. Jepartment of Defense, Washington, D. C. (Jure 1968). 80 DD 
(UNCLASSIFIED) (PA 33,9771. K 

(5) Goda, H. L., et al., SIAF TRANSPORT TECHNOLOGY (U), Report No. P-653, 
Annex A, from Institute for Defense Analyses, Science and Technology 
Division, Arlington, Virginia (July 1971), 4 pp (OONFIDENTIAL/GrouD 3) 
(PA 40,030). H 

(4) 

(6) Listen, R. A., et al., STATE-OF-THE-ART REPORT ON 0FF-THE-R0AD MOBILITY 
RESEARCH, Technical Report No. 9560, Land Locomotion Laboratory, Components 
Research and Development Laboratories, U. S. Army Tank-Automotive Center, 
Warren, Michigan (November 1966), 329 pp (UNCLASSIFIED) (PA 29.227) 
AD 651 726. 
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(7) Wesclowski, R., and Kbiva, M., TRAIL VEHICLES, Mobility Command, Vehicle 
Concept and Engineering Section, Advanced Design Branch, Research Division, 
Research and Engineering Directorate, Army Tank-Automctive Comoand, Center 
Line, Michigan (October 29, 1962), 49 pp (UNCLASSIFIED) (PA 7999R). 

(8) Chaplin, H. R., and Ford/ A. G., SOME DESIGN PRINCIPLES OF GROUND EFFECT 
MACHINES, Section G: Seakeeping, Report No. 2I2IG, David Taylor Model 
Basin, Aerodynamics Laboratory, Washington, D. C. (July 1966), 36 pp 
(UNCLASSIFIED) (PA 25,515), AD 640 015. 

(9) Lowson, M. V., BASIC MECHANISMS OF NOISE GENERATION BY HELICOPTERS, V/STOL 
AIRCRAFT, AND GROUND EFFECT MACHINES, Report No. WR 65-9, Wyle Laboratories, 
Testing Division, Huntsvi I le Faculty (May 1965), 32 pp (UNCLASSIFIED) 
(PA 20,358), AD 623 158. 

(10) Hayward, L., A SURVEY OF AMERICAN INTERESTS IN GROUND EFFECT MACHINES, 
HOVERING CRAFT AND HYDROFOILS, The Intsrnatlonai Review of Air Cushion 
Vehicles and Hydrofoils, Kaierghl Publications, London,'England, Vol 4, 
No. 5 (February 1965) (UNCLASSIFIED) (PA I6,I28N). 

(ID BIBLIOGRAPHY ON LIGHTWEIGHT GROUND VEHICLES (U), Röport No. R-910, from 
RACIC, Batteiie Columbus Laboratories, Columbus, Ohio, to Director of 
Defense, Army Personnel Research Establishment, Farnborough, Hants., United 
Kingdom (April 17, 1967) (OONFIDENTIAL/Group 4). 

(12) Hyatt, R. W., ard Herdenbrook, J. M., TABULATIONS OF DAYLIGHT AND LOW-LiGHT- 
LEVEL TELEVISION SYSTEMS (U), Report No. R-4088, from RACIC, Batteiie 
Columbus Laboratories, Columbus, Ohio, to Advanced Research Projects Agency, 
Arlington, Virginia (May 197^) (SECRET/Group I). 

DEIC Search 

(i) UNDERWATER TELEVISION LINK, Industrial Research, p 59 (December 1970). 

(2) A STUDY OF VARIOUS MARINE SYSTEMS CAPABLE OF PERFORMING WORK IN 12,000-FOOT 
WATER DEPTHS, Ocean Systems, Inc., 41 pp (DEIC Accession No. 02215). 

(3) Niblock, R. W., UNMANNED UNTETHERED SUBMARINES DESIGNED FOR WORK TO 20,000 
FEET, Undersea Technology, Vol II, No. 5, pp 42-43 (May 1970). 

(4) WEST GERMAN UNDERWATER VEHICLES, Undersea Technology, Vol 12, No. 10, p 25 
(October 1971) (DEIC Accession No. 02257). 

(5) VFW-FOKKER BUILDS PENGUIN (in German), Poseidon, No. 12 (108), p 545 (1970). 

ODC Search 

(I) Chatten, J. B., HEAD AIMED TELEVISION/REMOTELY OPERATED VEHICLES, Final 
Technical Report No. RADC-TR-71-49, for the period May 1968 - July 1970, 
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from Conrrol Patd Corporation, Rosemont, PennsyIvanid, to Rome Air 
Devtlopment Center, Air Force Systems Command, Crlffiss Ah Force Base, 
New York (March 1971), 89 p^ '.UNCLASSIFIED) (PA 39,630), AD 883 618. 

(2) Isäell, R. A., EVALUATION OF REMOTELY OPERATED MINE DETECTOR, Mfi=»l Letter 
Report, Army Concept Team in Vietnam, APO San Francisco 96384 October 1969) 
10 pp (UNCLASSIFIED), AD 861 954 L. 

(3) Amelink, H., AUTOMATION AND REMOTE CONTRül ON SHIPS:  A SELECTIVE B-BLIO- 
GRAPHY, Report No. 1DCK-4999I, for the period 1961 - 1967, Technisch 
Documentatie en Informatie Centrum vor de «'ijijsmacht. The Hague, Netherlands 
(February 1968), 76 pp (UNCLASSIFIED), AD ti? 259. 

(4) McGhee, R. B., IMPROVED TECHNIQUES FOR THE CONTROL OF REMOTE DEVICES, Fin. 
Scientific Report, No. AF0SR-TR-7I-2I75, for the period January 15, 1970 to 
January 14, 1971, The Ohio State University, Department of Electrical 
Engineering, Columbus, Ohio (March 10, 1971), 7 pp (UNCLASSIFIED). 
AD 728 214. 

(5) Hoffman, C. W., A RADIO CONTROL SYSTEM FOR A 1/150 SCALE MODEL OF USS 
FORRESTAL, Report No. 1359, David Taylo,- Model Basin, Washington, D. C. 
(February I960) (UNCLASSIFIED), AD 249 908. 

(6) Hoffman, C. W., A RADIO CONTROL AND POWERING SYSTEM FOR FREE-RUNNING MODELS 
OF SURFACE SHIPS, Report No. 1460, David Taylor Mo^e' Basin, Washington, D. C. 
(December i960), ?.j pp (UNCLASSIFIED), AD 233 793. 

(7) Rwt.Vy,,,,, B., Olsen, W. C., and Bennett, D. F., THE DEVELOPMENT OF A DRONC 
BOAT KIT (U), Report No. 275, Navy Mine Defense Laboratory, Panama City, 
Florida (November 1965), 39 pp (CONFIDEMTI/1! ), A0 368 318. 

(8) Jeffress, L. A., et al., A REMOTE-CONTROLLED, MINE-DISPOSAL 8CAT (u), DRL 
Accoustical Report No. 242, Defense Research Laborato?-/, I he University of 
Texas, Austin, Texas (June 9, 1965), 51 pp (^"'«Li-NT IAL/Group 3) 
(PA 21,953), AD 363 675 L. 

NASA Search 

(i) Myton, M. E., UNMANNED MOBILE VEHICLES FOR LUNAR SURFACE EXPLORATION, Report 
No. 6I-5PC-8, from Defense Systems Department, General Electric Ccmpany, 
Santa Barbara, California, to National Aeronautics and Space Administration 
(November !3, 1961) (UNCLASSIFlED/NASA Only) (NASA Accession No. X69-75484). 

(2) Finelli, J. P., et al., DUAL-MODE ROVING VEHICLES FOR APOLLO LUNAR SURFACE 
EXPLORATION, NASA Report No. TR-68-25, from Defense Research Laboratories, 
General Motors Corporation, Santa Barbara, California, to National 

Aeronautics and Space Administration (June 1968) (UNCLASSIFIED/Government 
Agency Only) (NASA Accession No. X69-I49I3). 

2'-: 



A-5 

(3) Miller, B. P., ANALYSIS OF REMOTE CONTROL SYSTEMS FOR LUNAR VEHICLES, NASA 
Report No. TR-68-20, from Electronics-Defense Research Laboratories, 
General Motors Corporation, Santa Barbara, California, to National 
Aeronautics and Space Administration (May 1968) (UNCLASSIFIED/Government 
Agency Only) (NASA Accession No. X69-I3479). 

(4) Corry, T.  M., et al., ROVING VEHICLE MOTION CONTROL, NASA Final Report No. 
CR-92643 TR-67-60, from Defense Research Corporation, Santa Barbara, 
California, to Jet Propulsion Laboratory, California Institute of Technology 
Pasadena, California (December 1967) (UNCLASSIFIED) (NASA Accession No. 
N68-I5246). 
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U. S. Patents Search 

2,115,315 
2,133,038 
2,586,239 
2,593,618 
2,667,721 
2,742,735 
2,770,074 
2,778,158 
2,852,888 
2,923,092 
2,969,032 
3,014,311 
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3,041,485 
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3,132,864 
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Slemmons 
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The following patents also were noted In making the search. They 

appeared to be of less Interest. 
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Howard 3,418,960 Ne1 son 
Howard 3,418,961 Gregg 
Weil 3,420,204 Samuel 
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Lambert 3,421,472 Ob erg 
Gardner 3,426,720 Enos 
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2,892,290 
2,896,367 
2,940,217 
2,988,762 
-.000,128 
4,^6,^97 
3,050,904 
3,065,569 
3,090,455 
3,130,803 
3,17:.963 
3,181,272 
3,189,115 
3,190,255 
3,191,571 
3,200,538 
3,203,500 
3,229,420 
3,232,005 
3,244,250 
3,252,247 
3,306.249 
3,348,518 
3,426,721 

Ryan 
Glass 
Hauge 
Babcock 
McAda 
PutIfen 
Morse 
Nielsen 
Crow ley 
Wiggins 
Bourgulgnon 
Gibson 
Rethorst 
Olson 
Rex 
Glass 
Gaberson 
Olas 
Lahr 
Barrett 
Miller 
Chase 
Forsyth 
Justlnlen 

3,428,015 
3,439,448 
3,444,837 
3,446,174 
3,448,822 
3,456,753 
3,476,204 
3,481,07? 
3,482,352 
3,486,477 
3,487,802 
3,501,863 
3,503,151 
3,507,349 
3,511,207 
3,513,931 
3,530,617 
3,550,714 
3,566,988 
3,587,769 
3,628,286 
3,642,087 
3,653,456 

Cloud 
Ryan 
Donofrlo 
Ballu 
LaLone 
Graves 
Westby 
Stohrer 
Helm 
Fender 
Roy 
Matsushlro 
White 
Comer 
I to 
Warner 
Halvorsen 
Bellinger 
Wise 
Lotter 
MashahIro 
Sampey 
Uemura 

1 
I 
I 
1 
I 
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APPENDIX B 

MISSION ANALYSIS 

The  .öhicles *Uch are presented  in this  report are devices which,   for 

the most part, exist  independent of any mi litar/ considerations.    A small  nunter 

-ere designed with specific tactical  missions   in mind,  but most were built  under 

other guidelines.     In order to evaluate the existing and potential  capabilities 

of these   latter vehicles  for use  in tactical  military missions,   it  is obvious that 

the first step  is to define these missions.    Accordingly,  a brief outline of some 

possible general  and specific missions was developed and  is presented below. 

It should be noted that these missions are not the same as they would have been 

in World War  I,  and may well  be obsolete  for conflicts   in the distant future; 

the aim here has been to draw up a series of possible missions  for small,  R/C  land 

Mid water venicles which would appl/ to current and foreseeable future conflicts. 

"actlcal R/C Land Vehicle Missions 

Combat Mission 

Low-profile equipment hauler 

Anti-tark,  enti-armored vohicle 

Mobi le gun platVorm 

Ambush 

Mob i i e bomb 

Chemical-agent deployment 

Forward observer  (artillery,  air strikes) 

Short-Range Patrol 

Surveillance  (stationary observation, sensing,  mapping, 
terrain study) H    y' 

Reconnaissance  (mobile surveillance) 

Draw  f i re/decoy 

Pointman,   flanker,   rearguard 
nsv-war aid 

?* 



B-2 

Long-Ranqe Patrol 

Scout  (reconnaissdnce/survei I lance) 

Rear guard or point  (security) 

Forward observer  (artillery) 

Engineer Missions 

Lay mines,  detect,   recover  (deactivate) mines 

String barbed wire or other obstacles 

Detonate mines,  spring traps 

Obstacle demo I Hi on 

Bunker fortification destruction 

Slit-trench digger,   foxhole dic.ger 

Fire  fighter 

Lay communications wire 

Base Activity 

Sentry  (stationary) 

Watch  dog  (perimeter security) 

POW guard 

Litter bearer 

Tactical R/C Water Vehicle Missions 

Combat 

Beach obstacle clearance 

PT boat 

Kamikaze  (bomb delivery) 

Bridge,  structure demolition 

Short-Range Patrol 

Riverine, estuary patrol 

Friendly harbor security 

Minesweeper  (detection,  detonation) 

I 

fl 
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B-3 and B-4 

Long-Ranqe Patrol 

Coast Iine surveiI lance 

Enemy harbor activity surveillance 

Psy-war platform 

Minesweeper (detection) 

Tactical R/C Amphibious Vehicle Missions 

Combat 

SEAL-type missions 

Beach assault 

Surf penetrators to deliver small R/C vehicles 
to shore 

Bomb del I very 

Short-Ran<|e Patrol 

Same as for land vehicles except that vehicle is designed 
for relatively short water transits such as stream or pond 
crossings, rain-filled depressions, mud flats, «nd In 
swamps. 

Long-Range Patrol 

Same as for land vehicles except modified for relatively 
short water transits as above. 

Engineer Missions 

Lay communications wire through swamp, over water 

Minefield penetration and detection 
(ACV's only) 

Detonate mines, spring traps 

String barbed wire 

Obstacle demo 11 •••ion. 

1 
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APPENDIX C 

CONCEPT SKETCHES 

The rough illustrations of concepts shown on the following pages present 

a number of diffsrent ideas that have been generated during the course of this 

investigation.  They are intended to complement the entries presented in 

Appendix D, using vehicles and componentr in various combinations to generate new 

systems and showing some completely novel ideas not presented elsewhere in the 

report.  Land vehicles are Illustrated In Figures C-l through C-17; water vehicles 

In Figures C-i8 through C-27; amphibious vehicles In Figures C-28 through C-31; 

and noncombat vehicles In Figures C-32 through C-36. 
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C-2 

Gun TV 

Gotling Gun 

Steering TV 

e^,*m^M 
Flexible Moulded 
Tread 

SIDE VIEW 

Ammo Boxes 

Auto Grenade Launcher 

FRONT  VIEW 

Note: This tread is designed to provide maximum traction while at the same time 
presenting minimum width and the lowest  center of gravity possible. 

FIGUR: C-I.   MINI-REMOTE-CONTROLLED PATROL 
AND ATTACK VEHICLE 3'. 
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C-b 

Control 
box 

Vehicle with anti-personnel 
frco.mentation grenades 

F1GIJRL C-4.    RADIO CONTROL 
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C-6 

Lanyard 
Propel tant (  ♦  

FIGURE C-5.    ANTI-PERSONNEL FRAGMENTATION GRENADES 
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C-7 

Rodio anienna 

Control 
wire 

. i 

-s\X 

^ /■ 

i T^ Listening 
device 

D 

ft «A   I 

Limit  reached 

Lanyards 

■>. —i 
FIGURE C-6.    TRACKED VLHICLE 



C-8 

One 20ö-or 300-lb 
HE   charge. 

Antenna 
., 

I 

Enemy cave 

Operator in safe 
position 

Enemy 
bunker 

Obstacles 
i 

FIGURE C-7.    VEHICLE FOR ONE-WAY MISSIONS 

This vehicle Is designed for use when the 
troops are too close to the enemy to call 
for air support or mortar fire.    Here! 
vehicles loaded with high explosive work 
their way In close to the energy.    When the 
vehicles are In the best portion, the 
operator detonates the chides, blowing 
up veh1c1esnand eneny. 
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C-9 

.. 

i 
I 
I 
I 
I 
I 
I 
I 

® 

All wheels turn to right (or left), permitting vehicle to advance on enemy 
in oblique  fashion.   This will not  expose sides of vehicle  to enemy fire. 

\ 

\ / 

\ / 

i r\31 

\ 

\ 

\ 

\ 

>      \ 

I       \ 

/ 

/ 

/ 

/ 

/ 

\ 
/ 

/ 

Front wheels drive forward; 
rear wheels drive aft-, vehicle 
turns on its own length. 

\     / 

^ 
Enemy Position 

Conventional turn-rear 
wheels locked; front 
wheels turn left or right. 

FIGURE C-8.    POSSIBLE WHEEL POSITIONS (PRESENTING 
SMALLEST TARGET TO ENEMY FIRE) 
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■ 

C-\r 

FIGURE C-9.    TERRA TIRE (ABILITY TO FLOAT AND SWIM) 
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Power cable 

Rotation for steering 

Low-pressure Tire 

FIGURE C-10.    INDIVIDUALLY DRIVEN LOW-PRESSURE TIRES 
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C-12 

Tread 

Vibrators (similar 
to those used in 
construction industry) 

FIGURE C-11.    LAND-MINE DETONATOR (GASOLINE ENGINES) 

Vibrators tamp ground In front of advancing 
troops as they pick their way through a 
suspected minefield.   Paint Is sprayed from 
both sides of vehicle, showing safe path. 

V 



C-13 

.. 

^ 

to 

i 
to 

_« s 
8 

i 
UJ 
t- 

UJ 

* 

f 
O 

£1 
O 

i,4: 



C-14 

/ 

$* 

-'1 

v— 

I 
m 

2 

I 

111 

III 
* Ä III 

« S f I 8l jl (tu:  > f to 8 •= 
s •    •    • 

3 
(5 

8 
5 

T o 

El 

^8 



C-15 

.. 

1 
I 
I 
s 
I 

' 

i 

ij 



C-16 

T 

8 

J 

.: 

1.8 



C-17 

Microphone 

Control box 

Engine, gearbox 
and compressor 

Secondary 
lexibie) 

vacuum 
housing 

/Primary 
(metal) 
vacuum 
cups 

Vacuum 
line 

FIGURE C-16.    SUCTION-CUP-FITTED TRACKED CLIMBER 
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C-18 

FIGURE C-17.    CONCEPTUALIZATION OF CLIMBER IN ACTION 



C-19 

Q 

cm 

c 

g 
O 

00 

I 
o 

51 



C-20 

Batteries, receiver 
controls, etc. 

Rudder 

Antenna 

Pre-formed 
plastic sail 

Flotation 
compartments 

FIGURE C-19.    CONCEPTUAL VIEW OF AN R/C SAIL-POWERED WARHEAD 
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I 
C-21 

Antenna-mast 

Receiver and controls 

Water line 

Rudder 

Anti personnel projectile 

Plastic case 

Propellent 

FIGURE C-20.    CONCEPTUAL VIEW OF AN R/C SAIL-POWERED WATER VEHICLE 
WITH INCORPORATED/N^ERSONNEL PROJECTILE 
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C-23 

.. 

Open sea 

FIGURE C-22. MINE LAYING SYSTEM 

The main advantage of this system Is 
that the harbor can be mined In secret. 
No aircraft or surface ships have to be 
used. Since the sub will not have to 
surface or cut the net, the enemy will 
have no warning until ships start to sink. 
Placing mines this way Is accurate; also, 
fewer are needed. 
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C-24 

Power unit ^SSH00   „  ^ * 
section, sect,on     Worheod 

Sensors 

FIGURE C-23. 

Anchor 

SELF-PROPELLED MINE WITH SWIMMING RANGE OF ABOUT 1 MILE 

This mine »rill lie In wait for periods up to 3 to 6 
months.   The sound of ships' screws activates systems 
when In range.   When activated, the mine cuts Its 
cable and attacks the sound. 

D 
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C-25 

Wire storage reel 
PHP*** /      Controls     Warhead 

Sei.sors 

Guidewire Flotation chambers 

Open sea 

River or harbor 

Channel 

Target 

Sand bar 

FIGURE C-24.      KILLER VERSION 
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C-26 

FIGURE C-25.    ANTI-SUBMARINE WARFARE APPLICATIONS 
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C-33 

Mini- 
gun 

FIGURE C-32.    FLYING TUB 
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C-37 

Dye       Gas 

Spray nozzles 

Strobe 

Noisemaker 
Control box 

Flanged wheels 

Electrified track 

FIGURE C-34.    GUARD DOG 
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C-38 

Windows 

Wjnd0W8 ♦Sensors 

Possible   Floor Plan of Gun Room in Armory 

FIGURE C-35.    CONCEPTUALIZATION OF USE OF GUARD DOG 

• For use in armories, warehouses, schools, 
recreation centers, department stores, etc. 

e   Rides on tracks; electrical power picked up 
from tracks; auxiliary power provided In vehicle 

e   Track can be permanently Installed In floor or 
laid on floor In temporary Installations 

* US6!!1"9 ??erts» 9as' dyes' ft>ul-smell1ng chemicals, 
■JQ whistles, lights, gun firing blank cartridges. 
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APPENDIX D 

TABULAR SUMMARY OF VEHICLE 

AND COMPONENT CHARACTERISTICS 

The tables presented  in this appendix give data taken  from  information 

on vehicles and components  received during the course of this study.    Material 

gathered  for the state-of-the-art survey   included manufacturers'  brochures; 

letters   from Government and  industry;  books,  periodicals,  journals,  patents, 

reports,   and magazines;  photographs;  technical  drawings;  and specification sheets. 

Data amenable  to reduction to tabular form were selected from the material 

received,  at d are presented herein under two basic categories:    vehicles  (Tables 

D-l  through D-9) and components  (Tables D-IO thmigh D-26). 

Tables D-l   through  D-3 cover ATV's with  IC engines, electric drive, and 

IC-powered snowmobiles,  respectively.     Land vehicles havng  IC engines and those 

powered electrically are summarized  in Tables D-4 and D-5.    Data on water vehicles 

with   IC engines, electric drive,  and miscellaneous propulsion systems,   respectively, 

are given   in  Tables D-6 through D-8.     Internal-combustion-powered ACV's are 

covered  in Table D-9. 

Tables D-IO and D-11  give data on power sources,  specifically engines 

and batteries/storage cells.    The drive train  is covered  in Tables D-\2 through 

D-14, where details are given on transmissions,  variable motor drives,  rnd tofiue 

converters,   respectively.     The  remaining tables encompass  information obtained on 

guidance and control  systems.     Table D-15 covers transmitters;  Tjble D-16,  rate 

gyros and switches;  Table D-17,  DC to AC converters;  Table D-i8,  variable speed 

controls;  Table D-19, potentiometers;   Table D-20,  DC motors;  and Table D-21, 

generators.    Data for five differeit sizes of solenoids are given  in Tables D-22 

through  D-26. 
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APPENDIn E 

TERRAIN AND WEATHER INFLUENCF QN MOR! ■ jr.' 

Influence or Terrain and Weatnpr 
on Land Vehicle Motnlrt^   — 

The missions  outlined   in Appendix B are not performed   in  a vacuum; 

they   involve movemenf  over  real,  and possibly quite  difficult,   terrain.     A 

tremendous  amount of effort .as gone   into quantizinn te    ain   information   for the 

purposes of off-road vehicle design  and deployment,  but this   information   is  of 

little  value here;   most of  the studies  undertaken by   the  Land  Locomotion Center 

or the Mobility  Environmental   Research  S'udy   (MERS)  group or  the Waterways 

Experimental   Station   (WES)  or others wore aimed  at  developing engineering   information 

for design of   full-scale vehicles:     tanks,   trucks.   APC's  and so on.     Large-vehicle 

problems of ground  failure,   draw-bar pull   and slippage assume   less   importance,  and 

the questions of  obstacle avoidance and gradabiIity  take on more   importance when 

very  small   vehicles  operating off-road are considered.     A  rut or  rock wall   may 

be a nui-   nee  to a jeeo or  tank but  a barrier to a much smaller vehicle.     As a 

result,  where   large-vehicle mobility   is generally cast  in  the  framework of 

macn.-terrain  features   (plains,   rugged hills,  .„orshes.  etc.)  and soil   cone 

index readings»,   small-vehicle designers wo,Id b. concerned more with micro- 

fearures:     maximum ditch   dimensions   (depth,  width,   side slopes),   frequency of 

obi.tacl.s encountered,   degree of entanglement expected   (vines,   brush,  etc.). 
and soi I   cone  i ndex. 

On., means which   the Army has   used to come  to grips with  the problem 

of  traffic^! I ity of  various  soils  under various  condition,    is  "Soil   Traffic- 

ability  Classification".     (Chapter 9.   "TrafficablIity", of U.  S.  Army Field 

Manual   50-10,   has been   reprinted here [see pp E-4 through  E-9J.) 

Each military  vehicle   is assigned to one of  seven categories b^ed on 

the   lowest soil   rating cone  index which will  support the vehicle  for 50 

passes.     This  categrry number   is entered  on  the abscissa of one of  three soil 

trafficahility  classification charts  corresponding  to:     high  topography,  wet 

^T^^'H'^'T'^ 0f  the carrVi^ ■blUty   (resistance  to penetration hy 
wheels  and  tracks of  vehicles)  of  a soil. y 
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season condition;   low topography,  wet season condition;   and   low   topography, 

high moisture condition.     The ordinate of    ach  chart   is a scale of soi I  types. 

The probability of  the vehicle "going" on   level   terrain-is   found depending on 

which  region of  the graph  the  intersection of  vehicle category and soil   type 

falls   (see Figur    60.  p t-6.)    As can be seen   in  Figure 60 a vehicle with a 

low category number always siands  a better chance of  making   it on  any given 

terrain  than one  in a higher category.     Table  3.  Vehicle Categories   (page E-8). 

states that,   for Category   I,  "the M29 Weasel,  M76 Otter,  and Canadian snowmobile 

are  the only  known standard vehicles   in this  category",     unfortunately,  a 

vehicle cone  index  is not available  for the commercial   ATV's.  snowmobiles and 

other special-purpose vehicles  described  in Appendix 1).     The best that can be 

done   is  to estimate which  category  a given  vehi :le might  fall   into,   and then 

compare  it with others on this basis;  and because they are generally "small" 

vehicles,  additional  emphasis must be given to the small-vehicle problems mentioned 

before:    obstacle/vehicle  relative size and  frequency of encounter,  maximum 

grades encountered,  terrain microstructure  (choppiness)  and cgree of entanglement 
expected. 

Influence of Sea State and Current 
on_Water Vehicle Performance 

The means by which  the terrain   is characterized  for water-borne 

craft  is somewhat more straightforward thar,  for  land vehicles.     The term 

"sea state" has come to designate the roughness of  the water and air environment 

under a wide  range of wind velocities and wave heights,   lengths,  and periods. 

Sea state  is an empirically derived numerical   index,   from 0 to  17 on  the 

Beaufort scale,  which correlates wind, waves,  and swell   into a composite which 

describes the conditions one would face at sea.     The term was derived from 

observations of waves and wind on the open sea where the "fetch" or   length 

over which a wind acts   is very   long.     However, winds on   lakes,  ponds and rivers, 

coupled with currents   In  flowing waterways,  produce surface conditions similar  ' 

to sea states encountered on the open ocean.     The main difference  is  the general 

absence of swell   (long period waves)   in enclosed waters,  but swell  at sea 

corresponds  to macro-terrain on   land and  is  .elatively  unimportant so  far 

as small   vehicles are concerned. 

Thus,  a statement that Vessel   A can be driven through Sea State 4 

while Vessel  B can only stand Sea State  3 clearly shows that A  Is ^re seaworthy 

.1 
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than B.  Unfortunately, it is very difficult to make sue,  statements accurately 

simply from observing the size, shape, and construction of a given craft.  It 

may be possible, however, to point out particularly good or bad features on a 

given vessel which bear on its seaworthiness.  The technical assessment of 

water vehicles concentrates on examining  ese particular features of the 

individual craft. 

4 

I Influence of Terrain on Amphibious 
I Vehicle Performance 

Air-cushion  vehicles  (ACVs),  airboats and the more standard wheeled 

or tracked amphibious  vehicles have been grouped together  for our purposes  under 

the generic title "Amphibious  Vehicles".    Probably the single terrain   feature 

which presents the most difficulty  to all  of these vehicles equally   is a vertical 

or near-vertical  obstacle at the water's edge.     This entrance or exit angle  is 

extremely critical   for all   "classical"  amphibious vehicles such as  the Army DUKW, 

BARC.  and so on,  and becomes a real  problem with ACV's when the obstacle height 

approaches  the height of  the air entrapment skirt.    Other obstacles of  a  localized 

nature can  usually be avoided by both   fypes of  amphibians without much   trouble, 

but the water's edge obstacles -  river banks,   rice paddy dikes, beach escarpments, 

or rocky shore   lines - can all  act as   line barriers to amphibious  vehicles;   this 

can defeat the mission.     These were the major criteria used to judge the  relative 

merits of the  various amphibious craft. 

Over flat   land,  the ACV's are capable of much  higher soeeds  than the 

wheeled or tracked vehicles,  which,   in  turn,  have much better gradability than 

the A^V ^Wl 
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CHAPTER 9 

TRAFFICABIUTY 

169. Estimating Soils Trafficability 
Tlio purpose of this cliapior is to assist in- 

tolliKonce and reconnaissance pcrjonnel to 
determine the trafTicability of soils to support 
cross-country movement of military vehicles. 
Increased emphasis on the military concept of 
dispersion, which requires cross-country move- 
ment has increased the requirement for infor- 
mation on soil trafficability. Mo.>t information 
on trafTicabiKty pertains to military vehicles 
operating on various unfrozen soils in the 
temperate zones. The procedures for measure- 
ment of soil tranicability can also be applied 
to unfrozen soils that have been subjected lo 
frcczc-thaw cycles. An estimate of traflkability 
can be made with the aid of this chapter if 
somothinpr is known of the general weather 
conditions, the topography and the soils of 
the area. 

170. '.Veother and Climate 
Information about the weather and climate 

!• available from meteorological records, and 
climatology textbooks, and by interrogation of 
prisoners. Only two general conditions of 
weather apply to trafficability estimates, the 
dry period and the wet period. 

o. TrafficabiUty During Dry Period. During 
a dry period all soils usuJIy are passable unless 
the area is low-lying and poorly drained or is 
kept wet by underground springs. Sand in a 
dry state is less trafficablc than in a wetter 
condition  (with the exception of quicksand). 

b Troßlcahility During Wet Period. When 
moislmo is added to a soil its strength is 
changed. DifTucut soils are affected difTere.t- 
l.v by moisture. During a wet period, all soil) 
with «he exception of clean sands and gravels 
nrivide poor traflVability. The relative traf- 
fitabilily ratings of soil type:; under set con- 

142 

ditions are given in figure 60. This figure :s 
explained in paragraph 178. 

171. Topography 

The effects of slopes on soil requirement 
for vehicle performance can be shown }r 
quantitative units when actual measurcmon'..<- 
of the cone index (para IT-ld) can be maiV. 
but in estimates of trafficability only gnncr.V 
statements concerning slopes are feasible. 
Slopes require better soil traction conditions 
for vehicle movement than floes level terrain 
of a similar soil type. Other factors pertaining 
to trafficability that must be kept in mind are 
that ridges arc generally more trafficablc th-n 
the adjacent valley, that downhill travel is 
easier than uphill travel, and that low tire 
pressure increases traction. During the dry 
season, sand slopes of approximately 30 per- 
cent aie impassable. Fine-grained soils ant' 
sands with fines which are poorly drained may 
be trafficablc up to a 45 percent slope. During 
the wet season a 30 percent slope is the maxi- 
mum that should be tried on any type soil. 

172. Soils Maps 
Two types of soils maps exist. One type 

classifies the soils according to the Unified Soi' 
Classification System (USCS), as used :r 
determining trafficability. The second type nf 
soils map employ? the agricultural system of 
soil classification (ASSC). This type is no' 
used by the military. It is mentioned here to 
avjid confusing it with the USCS. Soils are 
formed by the action of the following factors: 
parent material, climate, age, chemical action, 
topography, and vegetation. A trained anaivM 
can estimate the soil types by using a geolocK 
map. providing he has a general knowledge e' 
the climate, the topography, and the vegeta- 
tion of the area. 
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173.    Aerial Photographs 

The full Mtilixation of aerial photos in csti- 
maliiiK traHu ability is pivsently bein« ■ttldied. 
At present the following information pertain- 
ing lo tralTicahilily is obtained from aerial 
photographs. 

a. Toponiaphy. Aerial pbotoffraphl arc a 
good source of topogra|diic Information. Esti- 
mates of elevations and slopes can he made 
from ste.oopnirs ny properly instructed per- 
sonnel. Accurate elevation-, and slopes can 
be obtained by trained operators usinjr me- 
chaiiical equipment such as Multiplex tmd 
Kelch plotters. 

b. Sofia and Moisture Conditions. In the 
present stage of development, the techniques 
for identifying soils from airphoto,; are so 
complex that only well-trained technicians can 
employ them to their fullest extent. However, 
certain peneiai facts may he used to advantage 
by personnel with a minimum of training. For 
instance, orchard! usually are planted in well- 
drained, sandy soils; vertical cuts are an evi- 
dence of deep loessial (silty) soils; tile drains 
in agricultural areas indicate the presence of 
poorly drained soils, probably silts and clays. 
On a given photo, light color tones generally 
signify higher elevations, sandier soils, and 
lower moisture contents than do d.-irk color 
tones. The same color tone does not always 
indicate the same soil conditions even on the 
same photo. Color tone may have entirely dif- 
ferent sifrnifu-nncc on two separate photos. 
Also, natural tones are apt to be obscured and 
modified by tones created by vegetation (na- 
tural and cultivated), plowed fields, and r.h.id- 
ows of clouds. 

c. Vegetatii.'i. Dense prass, especially if wet, 
will cause slipperiness. Tall grass will often 
restrict visibility. Heavier vegetation such as 
brush and trees will decrease trafl'.cability if 
the vehicles must push aside this vegetation 
«s they advance. The presence of vegetation 
in fands usually stabil'/cs the soil, thur increas- 
ing its trafhcability. Decaying vegetation in- 
cluding tlie roots, found especially in the 
northern latitude», adds to the Rtipport of the 
soil if the oil is weak. The limited tcHtinj; that 
has been done shows that if the ma', of partial- 
ly decayed vegetation is 0 or more in he.-, thick 

it will KUpjiort in to 50 pass,--, of very light 
vehicles such as the M29 amphibious cargo 
carrier. Heavier vehicles will break through 
after 2 or 3 pasnes. 

d. OirUuclcs. A complete assessment of the 
traflkability of a given area must include an 
cv; luation of obstacles such as forests, rivers, 
boulders, ditches, hedgerows, steep slopes and 
rliflfs, and embankments. Aerial photographs 
are valuabh   in  identifying those  features. 

174.   Trofficability Terms 

n. TraffieabUity. The capacity of a soil »o 
withstand traliic of («Ilitary vehicles. 

b. Bearing Capaeitj/. The ability of a sou 
to support a vehicle without evcefmive nettle- 
merit of the vehicle. California Bearing Kalio 
is used in denoting design values. 

c. Traction Capacitij. Ability of a soil to 
resist the vehicle tread thrust required for 
steering and propulsion. 

d. Co)u hidc.r. A numerica' indication of 
the carrying ability (resistance to penetration 
by wheels and tracks of vehicles) of a soil.. 
An index of the shearing resistance of sou 
obtained with the cone pemfrometer: a di- 
mensionless number rcpreettillng resistance 
to penetration into the so'l of a 30° cone with 
a Vl'-sq in. base a.ea (actually load in pounds 
on cone base area in square inches). TM 5-530 
discusses this in detail. 

c. ficuwldinfj. The changing or working of 
a soil by traffic, or by a remolding test. Re- 
molding may have a beneficial, neutral, or det- 
rimental effect on soil strength. 

/. ncviolding Index. The ratio of remolded 
soil strength to original strength, determined 
in accordance with procedures described in 
TM 5-530. 

ff. Raling Cone Index. The itieasured core 
index multiplied by th- remolding index; it 
expresses the soil-strength rating of an area. 

h. Critical [differ. The soil layer in which the 
rating cone index is considered a significant 
measure of tranicability, or the layer of soil 
which is regarded as being most pertinent to 
es( (Mishi'ig relationship between soil strength 
and vehicle performance. Its depth varies with 
the  weight and  typo of vehicle and  the so;'. 
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profile, but it is norma.ly the bycr lyinp 6 or 
12 inches below the surface. 

I. Vehicle Cone Index. The index mtgiwd 
to a given vehicle that imlieates the minimum 
soil strength in terms of rating cone index 
required to permi* 50 passes of the vehicle. 

;'. Slickincss. Tic ability of a soil to adhere 
to vehicles, wheels, and tracka.  • 

k. Slippenness. Low traction capacity of a 
soil's surface due to its lubrication by water 
or mud. 

/. Mobilitij Index. A »limciisionles.H numb.r 
which results from a consicK-ration of certain 
vehicle charactorhlics. 

M. Maximum Traetive Effort. The maxi. 
mum continuou« towing force or pull a vehicle 
can exert expressed as a ratio or percent.-.;-- 
of its own weight. 

n. Fine-Gntined Soil A soil of which more 
than 50 percent of the grains, by weight, will 
pass i No. 200 sieve (Unified Soils Classifica- 
tion System (USCS)). 

Sell IfTtH» of 
tjr»»     Sllppar-      SlU«. 
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OH ■m ■ano 
IN k« tdOO 
LI sit«*« Itotorou <* sunlit Slllht 
K Slifkt Sll(tt 
M Slickt Slltbt 
a Sl-.fkt SU*it 
M-K Slt(M *>no 
W. sit«kt Suno 
CUN, S1I«M la«o 

ow. er 1- lono 

tr.» ROM Som 
ai S««tr« Sownr 
cc MnloraU Mjdoroto 
«e tfcd.r.u lUltroU 
3CSC Siltht Sono 
M Scwpt Na4orito 
CM Sllfkt ■ano 
w Sllitt Torn 
a )M>r*w Materot« 
K. Mater«* SIStfit 
CUM, NKirsu tll«»t 
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oc S*f*r* NMrroU 
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CM SU«»« si;4bi 
SH Sll<».l Sl;«ht 
K. So vor« Slid»! 
cue. Sovrr« 3l:«*t 
et MnloroU Sll^t 
<M Sovoro s>licrt 
t\ Soooro Sll(ht 

' » ' I  i 1  » I  u 

—r- #■ 

A L  

—I 1 r r—t r -»-^ a»« T-^ ■% 

cu^i  K^^r^f-^r^awr»«i«_... ;^^^^ i^ 
lov Toroc-*t*7.  W«t-3rMcii Cf.muin 

fl<US«*lUTJ Of «»ICI/  *«■  C* IXVU. 11".'«:! 
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Fipiir«   CO.   SoU   IraffitabilU;/   ctasiifitition   (USCS). 
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O. Coarsc-Grahicd Soil. A soil of which 50 
percent or more of the grains, by weight, will 
be retained on a No. 200 sieve. 

p. Saud with Fines, Poorly Drained. A sand 
in which water content greatly infiuences the 
traflicability characteristics. These soils react 
to traflic in a manner similar to fine-grained 
soils. They usually contain 7 percent or more 
of material passing the No. 200 sieve, and 
little or no gravel. 

175.   Soil Trofficability Table 
a. Soil Type Symbols. The soil type symbols 

used on figure GO are those employed in the 
Unified Soil Classification System (USCS). 
The symbols are given on the extreme left of 
the figure and also in the graphic portion. The 
duplication aids in the reading of the graphs. 
These letter symbols are explained in table 2. 
Hyphenated letters indicate a mixture of types 
of soils. 

TabU t.   Soih Syinbcl$ 
BwmhtU 
GW    fr»vcl-sand   mixtures,   little   or   no 

Anea. 
OP gravel-sand   mixtures,   little   or   no 

Anea. 
SW    rravelly sands, little or no fines. 
8P   gravelly sands, l>tl1c or no fines. 
CR inorganic clays of high plasticity, fat 

daya. 
CC  gravel-sand-«lay mixtures 
8C  ... aand-clay  mixtures. 
CL   gravelly clays, sandy daya, iiw.'t.anic 

days of low to medium plasticity, 
lean days, and silty clays. 

CM   ..—. gravelsand-silt  mixtures. 
8M ..' sand-silt   mixtures. 
ML    low  plasticity  silts 
MR   —. inorganic   silts,   micaceous   or  dialo- 

maceous fine randy or silly soils 
and elnstic silts. 

OL .. organic silts and organ c silty clays 
of  low  plasticity. 

OR  organic clays of medium to hi»,'li plas- 
ticity  and  organic  silta. 

Peat, muck, and swamp »oils are not classified in the 
above list because such soils are almost always im- 
passibk  except  for  light  amphibious-type   vehicl-s. 

6. Strength Mcasurevuvts. The preb.-iblc 
ranges of the cone index (CI), the nmohling 
index (RI). the rating cone index (UC1), .md 
the mean rating cone indi-x arc given on ftgun 

CO for those desiring this technical informa- 
tion. For most trafl'icability purposes this in- 
formation may be folded out of view to 
simplify the reading of the remainder of the 
trafhcability chart. Information on the 
strength measurements is given in TM 5-530. 

176. Slipperinoss and Stickiness 
The information on figure GO pertaining to 

stichiness rT ' slipperiness is self-explanatory. 
The follc VHK is general information on each 
of these I w    1 actors. 

o. Stickiness. No instrument for measuring 
the elTocts of stickiness on the performance 
of vehicles has been devised. Stickiness wi'I 
occur in all fine-grained soils when they are 
comparatively wet. The greater the plasticity 
of soil, the more severe arc the effects of sticki- 
ness In general, stickiness will have adverse 
effect on the speed and facility of travel and 
steering of all vehicles. It will immobilize 
small tracked vehicles like the M29 weasel, 
but will not stop the larger and more power- 
ful military vehicles. Removal of fenders will 
reduce stickiness effects on some vehicles. 

b. Slippcriness. Like stickiness, the effects 
of slippcriness cannnt be measured quantita- 
tively. Soils which arc covered with water or 
a layer of soft plastic soil usually are slippery 
and often cause steering difficulty, espedally 
to rubber-tired vehicles. They can often im- 
mobilize vehicles, especially when slipperines« 
is afsociated with low bearing capacity. Slip- 
pcriness effects assume greater significance on 
slopes. Sometimes slopes whose soil strength 
is adequate may not be passable because of 
slippcriness. Thi. use of chains on rubber-tired 
vehicles usually will be of benefit in slippery 
conditions. 

177. Vehicle Categories 
Military vehicles are divided into seven 

categories according to a cone index range 
as shown in table 3. These vehicle categories, 
1 through 7, are shown at the top of figure 
60. 

o. Vehicle Cone Index. This index is shown 
directly below the vehicle category range on 
figure GO. It is helpful in showing the traffica- 
bility of vehicles below catepory 1 and sub- 
divides each of the seven vehicle categories, 
especially category 7. 

•        1   V 
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Table 3.   Vehicle Calcgorie» 

CaUiorr 

VfKltl» 
ron« ind»i 

tanit 

20-29 

30 49 

i.0-i9 

Vrhicl« 

6»-69 

70-79 

80-99 

I    100 or crcaier 

The M29 weaxel, M76 Ottrr. and 
CanadiMn snowmobile are the 
only known standard vehirlet 
in this category. 

Engineer and Kiichspccd traclori 
with comparatively wide tracks 
end low contact pressures. 

The tractors with average contact 
pressures, the tanks with com- 
paratively low contact pres- 
•ures and some trailcil vehicles 
with viry low contact prei- 
■urca. 

Most medium ta'iks. »rectors with 
high contact pressures, and all 
whecl-drivo trucks and traile-: 
vehicles with low contact pres- 
■urea. 

Most all-wheel drive trucks, • 
great number of trailed ve- 
hicles,   and   heavy   tanks. 

A great number of all-wheel-drive 
•nd rcar-wheel-drive trucks, 
and trailed vehicles intendeti 
primarily   for   highway   use. 

Rear-wherl-drive vehicles »nd 
others that generally are not 
expected to operate off roads, 
especially   in  wet  soils. 

b. Graphic Portion of Figure 60. The legend 
for the shading of the three graphic portions 
of figure 60 is given at the bottom part of the 
figure. The white indicates excellent trafTica- 
bilily, the stippled good, the striped fair, and 
the black indicates poor to intrafficable soil. 
The topography p.id soil conditions are shown 
in the followinf: threj graphs in figure 60. 

(1) High  topography,   (higher areas of 
the iirn <n)  wet-season condition. 
Low topography,   (low areas of the 
terrain)  wet-season condition  (satu- 
rated). 
Low topography, high-moisture con- 
dition (wet, but below saturation 
point). 

178.   Use of Figure 60 
o. Mission.   You   have   a   rear-wheel   drive 

truck  with  which   to  deliver  supplies  cross • 
country to another area. You have the follow- 
ing information: 
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(2) 

(3) 

(1) Vohido cone  index: 85 
(2) Topo/raphy:   level   hi>;h   topoRr.^rVv 
(3) Type of »oil: clayey sands (SO 

b. Question.  Is this trip feasible from tn? 
standpoint of trafllrability? 

c. Procedure in Determining  Traffienbility, 
(1) You !;now that the vehicle cone Index 

of the truck is 85. Table 3 shows ftc 
vehicle to be in category 0. The ve- 
hic'o '.onp index ranire (80-99) to the 
rigM of the category in table 3 and 
the written description under 
veltirtc* verify the category of your 
truck. 

(2) Locale vehicle category 6 at the top 
of f'jT'jre 00. 

(3) Find the vehicle cone index 85. The 
number 85 must be interpolated or 
the vehicle cone index line in the 
apace between 80 to 100. 

(4) Find the soil type SC. Tlr« '? »Hvc 
under 5oi7  type symho'  "r    >?■  * '» 
column of the figure, and nsor? c-- 
venicntly on the graphic pprtioa ■' 
the figure. 

(5) From the 85 (interpolated) on the ve- 
hicle cone index, move dowmvard o- 
the    high    topography,    wet-sea??- 
condition graphic rcctrrwle to the arc- 
marked   SC.   This   area   is  stippW. 
Your legend at the bottom of '"•:•"' 
shows that the tralficability for you»- 
vehicle is good in this area. Ttart- 
fore, the trip  is  feasible irov  iht 
standpoint    of     traflicability.     TV 
marking a'-ound the soil type arer v 
the figure indicates that the traf'T^ 
bility interpretation on the chart " 
good   reliability,   as   you   may   rov 
:n    the    legend.    (Good    reliabi' 'y, 
based on analysis of data.) 

d. TrafficrhiHty for Same  Truck tnd Svr 

Type on  Lnw  Topnyraphy,   Wet-Scnson   Cw 
dition. From the 85 (interpolated) on the v- 
hide cone index, move downward into the I" ' 
topography, icct-season coiuUtion grnnh'c r"- 
tanglc to soil type SC. Note that the tr?n'cr- 
bility is f;ood, as indicated by the pVpn'1"- 
Hcliabüity '>f this traflicability inlcrnr"':   ^•1 

is fair, based on judgment. 

c. Trajjlcability for  the  Same  Truck  9*6 

. 
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ulturTrTr0"  tu.  TT',rn",n'-  IIinh Notc ihni thc »rilimil  is only fair.  Had 
fntrd    n„ S^Si   Fr0m. lhC   8G    (inlCrP0- t,,C "^ C"™ *** b™ ■ ^ P« nt.s h.rh- 
w.rd into fhV/t; ? ^ ,n;,CX; TVC d0Wn- "• U,C ****** -ould  have'boon  poor. 
Zi.7 «,   M. AT Süüf^ ,',?,'■"'0•J5""''• Th* M*l. on this .rraphic chart indicates poor 
eondtUon graphic rectangle to soil type SC. tramcability and is a warning to "stay ofT" 

i 
I 
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APPENDIX F 

HIGHLIGHTS OF CONFERENCE ON MINIATURE.  REMOTELY 

CONTRQj.LED LAND AND WATER VEHICLES 

These highlights of  the Conference, which was held on Jun? 22,   1972, 

at Battelie-Columbus,  (to not  reflect  the official   views of Battelle bo.,   rather, 

present the consensus of  the ooinion of the participants  as well  as of   individual 

comments on  various to-'^s. 

The Conrorenc?,  attended by   13  individuals  representing Government 

and  industry,  began with a few,  brief   introductory  remarks.     The meeting was  then 

opened to the discussion of  remotely controlled  (R/C)  vehicles.    The entire 

morning session was  devoted to concept generation a^d discussion,  while the afternoon 

was given over to directed discussion of R/C vehicle concepts and to general 

discussion of potentialities.     The  following  items were covered during the 

Conference. 

Land Vehicles 

Mine Detector Mounted on R/C Vehicle.    This concept wm  developed 

by the Ryan Aeronautical  Co.,  and made use of a Jeep for the vehicle,  although a 

rore versatile vehicle could be used. 

Walking Vehicles.    Such a vehicle can be vory small  and may be used as 

a bunker invader or as a vehicle to enter places too small  or dangerous  for a 
person. 

All-Terrain Vehicle (ATV) Capabilities.    Problems ana advantages of 

different types of ATV's were discussed.     The aspects considered  included 

vehicle size,  tracks, wheels,  speed,  and reliability. 

Clandestine Surveillance.    The applicability of vehicles and their 

requirements  for such missions were discussed. 
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Other Considerations.    Discuisiono wore conducted covering the use of R/' 

vehic^s   for kamikaze missions, high-risk missions,   I        miäS'ons,  engineering 

missions,   and psy-war missions.     Included was   the  UJC of   n.ose vehicles as mobile 

gun mounts,   R/C ground targets, .ind "Terrastar"-type vehie'es. 

Water Vehicles 

SKAMP-Type  Vehicles.     These  vehicles  represent  .) +yDo which   relies 

cniefly  upon  the winr1  for power. 

High-Speed Bomb Boats.     Although  these can be detected by   radar and 

by  the eye,   they are difficult gunnery  targets. 

Decoy Boats.    Vehicles of  fhis sort are uoed +o disperse radar chaff 

and  to draw   f i re. 
■ 

KOMAR-Type Boats.     These boats  provide ovor-the-hori zon missile platfo^s. 

Drift or Minimal-Control Vehicles.    This type of craft could be a 

drift bomb  or  could be  used  to set mines  by  R/C or  to pick  up  (JUT   swimmers. 

SubmersiblfiS.     Submersibles  are  among the most   complex of   R/C 

wate- vehicles,  with  the communication   link being  the basic   llnitatfon. 

Other Considerations.   Discussions were conducted   in  the arp>as of 

water  vehicle size  requirements,  model   boat  technology,  and bottom-walk^-  vehicle 

uses. 

Amphibious Vehicles 

Air-Cushion Vehicles  (ACV).    Although  this type of vehicle has a speed 

advantage over conventional  boats   in marginal  waterways,  maneuverability   is a 

problem,   as   is  the capability  of overcoming obstacles   ; n  the  vehicle's pa+h. 

Air Boats of the Swamp Buggy Type.    The ability +o apply R/C is   limited 

by problems  associated with   the boat's  speed:     water spray   and  the   interaction 

of  the remote pilot with   the  TV system. 

. 

;; 
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Marsh Screw Vehicles.     This  tyDe of  vehicle  is   limited to marsh  and 

water, but  does   fill  a moDi lity gap. 

Other Considerations..   Included here were comments  about a man-liftmg 

platfo-m and a  rugged vehicle, which  could bt washed ashore   in surf  to disgorge 
a R/C   land vehicle. 

R/C Military VehiclP^ 

Both   ifl  the directed and general  discussions,  many pertinent counts 

were made on  topics germane  to the development and/or use of R/C military  vehicles. 

The topics of comment and discussion  included: 

(!)    The  use of arrays of R/C units,  controlled  from a master 

unit or performing common  functions 

(2) The projle,^.   limitations,  and capabilities of applying 

model  technology  to practical  R/C vehicles,   and the 

comparison of model  technology to work with systems engineered 
vehicles 

(3) Problems of working to military specifications and requirements 

(4) The capabilities and  limitations of various power sources 

(5) Problems and potential  solutions concerned with  running gear, 

command and control  systems,  the use of TV systems,  and 

telemetry. 

Two movies were shown to the attendees.    One was a  film from the Army 

Tank-Automotive Command  (ATAC)  on experimental   R/C vehicles.     The othe.   was  a 

film concerned with  the general   development of man.^lators and,  to some extent, 
their use with  R/C vehicles. 
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